ABSTRACT
. In any event, the survival of the bacterium depends on the evolution of a series of defenses, which include 1) detoxifying enzymes and free radical-scavenging substrates, 2) DNA and protein repair systems, and 3) competition for substrates favoring bacterial survival. In many cases, these defenses may be coordinately regulated. The response of bacteria to oxidative stress is in no way static, since they are capable of rapid adaptation through the formation of increasing concentrations of recognized antioxidant enzymes (3) as well as a variety of stress proteins of unknown function (4, 5). Such stress also leads to increased mutational events (6), which could lead to cell death or selection for survival. Cohen, unpublished data).
BACTERIAL RESPONSES TO REACTIVE OXYGEN INTERMEDIATES
For each reactive oxygen species in Fig. 1 , the possibility of microbicidal events (damage, Fig. 2 ) must be offset by bacterial defenses (adaptation, Fig. 3 ). In the following discussion, both possibilities are considered.
Superoxide anion radical
There is considerable debate regarding the toxicity of O2, which clearly depends on the bacterial species being investigated (24). that in E. coii the recA gene product was more important than catalase in defense against H2O2. However, Loewen (66), using somewhat different methodology, reported that catalase-deficient strains of E. coil were three times more sensitive to H2O2 than a recA mutant.
In a similar comparison using an N gonorr/zoeae recA strain, we noted markedly greater sensitivity to H202 relative to the parental strain in mode-one killing (79). Other DNA repair systems have also been examined in organisms exposed to H2O2 stress. E. coil exonuclease III, the product of the xt/i gene (81), is a multifunctional enzyme.
Exonuclease III is responsible for 90% of the bacterial apurinic/apyrimidinic (AP) endonuclease activity, DNA 3'-phosphatase activity, urea endonuclease, 3'-5'exonuclease activity specific for duplex DNA, and RNase H activity (34 
